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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of ) 

Hajime Seki ) 

Appln. No. : TBA ) 

Filed : March 8, 2002 ) 

For : REGISTER RENAMING SYSTEM ) 

PRELIMBVARY AMENDMENT 

Honorable Conunissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Prior to an examination on the merits, please amend this apphcation as follows: 

AMENDMENTS 

IN THE SPECIFICATION : 

Please amend page 3 as follows: 

—present invention, a larger number of instructions could be processed per cycle owing to 

pipelining where dependency checks among instructions are to be done as a pre-process. 

To begin with, in regard to a group of mstructions that are to go through the 

process of register renaming simultaneously, the pre-process is done as follows. 

(a) Each logical-register number shown as a destination operand is marked with a tag that 
corresponds to the order of the instruction. These tags are labels that, in the later stage, 
are to be replaced by physical-register numbers that are taken out of the free list and 
allocated. 
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(b) Each logical-register number shown as a source operand that is RAW (read-after-write) 
dependent on an mstruction that goes through the process of register renaming 
simultaneously is marked with the same tag that is bemg marked on the destination 
operand of the instruction on which it is dependent. 

After the above pre-process, the logical-register numbers shown as operands in the 
group of mstructions are respectively renamed to appropriate physical-register numbers. Each 
logical-register number on which a tag is marked is renamed to the physical-register number that 
is to be taken out of the free Ust and allocated ia correspondence with the marked tag. Each 
logical-register number on which no tag is marked is renamed to the physical-register niunber that 
is to be obtained by accessing the mapping table. 

In the same cycle, the contents of the mapping table are updated. Namely, 
contents of entries of the mapping table that correspond- 
Please amend page 6 as follows: 
-the processor of this embodiment is fiunished with four F registers Fl, F2, F3, and F4. 

The register file 28 m the FL, each entry of which is designed to hold a physical- 
register number, is utihzed to construct a circular FIFO queue. Namely, the numbers of physical 
registers that are bemg released from allocation are to be enqueued, and physical-register numbers 
are to be supplemented from the head of the queue to F registers out of which physical-register 
numbers are being taken. 

Described below is the process of register renaming m this embodiment. 
In this embodiment, register renaming is carried out through two stages (1) pre- 
process, and (2) execution of register renammg and updatmg of the MT. The action in each stage 
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is described below. 
(1) Pre-process 

In regard to a group of instructions that are to go through the process of register 
renaming simultaneously, the pre-process is done as follows. 

(la) Logical-register numbers shown as destination operands are respectively marked with tags 
@1, @2, . ., each corresponding to the order of instruction. In this embodunent, tags @1, 
@2, @3, @4 respectively correspond to F registers Fl, F2, F3, F4 in the FL. 

( lb) Each logical-register number shown as a source operand that is RAW (read-after-write) 
dependent on an instruction that goes through the process of register renaming 
sunultaneously is marked with the same tag that is bemg marked on the destination 
operand of the— 

TN THE CLAIMS : 

Please amend claim 1 as follows: 

1. (Amended) A register renaming system for a processor based on superscalar 
architecture capable of out-of-order execution, comprising: 

physical registers, the number of which is greater than that of the logical 

registers prescribed by the architecture; 

a free Ust that is designed to hold unallocated physical-register numbers; 

and 

a mapping table having entries that are provided in respective 
correspondence with the logical registers and each designed to hold a physical-register number, 
wherein, for a group of instructions that are to go through the process of 



register renaming simultaneously, after: 

(a) marking each logical-register number shown as a destination operand with a tag that 
corresponds to the order of the mstruction; and 

(b) marking each logical-register number shown as a source operand that is RAW (read-after- 
write) dependent on an mstruction that goes through the process of register renaming 
simultaneously with the same tag that is being marked on the destination operand of said 
instruction, 

each logical-register number on which a tag is marked is renamed to the physical- 
register number that is to be taken out of said free Ust and allocated in correspondence with the 
marked tag; and 

each logical-register number on which no tag is marked is renamed to the physical- 
register number that is to be obtained by accessmg said mappiag table. 

REMARKS 

The above amendments are intended to place this apphcation in better condition 
for examination. 

Respectfully submitted. 
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MARKEP-UP COPY OF PAGE 3 OF SPECIFICATION 

—present invention, a larger number of instructions could be processed per cycle owing to 
pipelining where dependency checks among instructions are to be done as a pre-process. 

To begin with, in regard to a group of instructions that are to go through the 
process of register renaming simultaneously, the pre-process is done as follows. 

(a) Each logical-register number shown as a destination operand is marked with a tag that 
corresponds to the order of the instruction. These tags are labels that, in the later stage, 
are to be replaced by physical-register numbers that are taken out of the free Ust and 
allocated. 

(b) Each logical-register number shown as a source operand that is RAW (read- after- write) 
[WAR (write-after-read)] dependent on an instruction that goes through the process of 
register renaming simultaneously is marked with the same tag that is being marked on the 
destination operand of the instruction on which it is dependent. 

After the above pre-process, the logical-register numbers shown as operands in the 
group of instructions are respectively renamed to appropriate physical-register numbers. Each 
logical-register number on which a tag is marked is renamed to the physical-register number that 
is to be taken out of the free list and allocated in correspondence with the marked tag. Each 
logical-register number on which no tag is marked is renamed to the physical-register number that 
is to be obtained by accessing the mapping table. 

In the same cycle, the contents of the mapping table are updated. Namely, 
contents of entries of the mapping table that correspond— 
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-the processor of this embodiment is furnished with fom^ F registers Fl, F2, F3, and F4. 

The register file 28 in the FL, each entry of which is designed to hold a physical- 
register number, is utihzed to construct a circular FIFO queue. Namely, the numbers of physical 
registers that are bemg released fi-om allocation are to be enqueued, and physical-register numbers 
are to be supplemented fi-om the head of the queue to F registers out of which physical-register 
numbers are being taken. 

Described below is the process of register renaming in this embodiment. 

In this embodiment, register renaming is carried out through two stages (1) pre- 
process, and (2) execution of register renaming and updating of the MT. The action in each stage 
is described below. 
(1) Pre-process 

In regard to a group of instructions that are to go through the process of register 
renaming simultaneously, the pre-process is done as follows. 

(la) Logical-register numbers shown as destination operands are respectively marked with tags 
@1, @2,..., each corresponding to the order of instruction. In this embodunent, tags @1, 
@2, @3, @4 respectively correspond to F registers Fl, F2, F3, F4 in the FL, 

(lb) Each logical-register number shown as a source operand that is [WAR (write-after-read)] 
RAW (read-after-write) dependent on an mstruction that goes through the process of 
register renaming simultaneously is marked with the same tag that is being marked on the 
destination operand of the— 
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MARKED-UP COPY OF AMENDED CLAIM 1 

1. (Amended) A register renaming system for a processor based on superscalar 
architectme capable of out-of-order execution, comprising: 

physical registers, the number of which is greater than that of the logical 
registers prescribed by the architecture; 

a free Ust that is designed to hold unallocated physical-register numbers; 

and 

a mapping table having entries that are provided in respective 
correspondence with the logical registers and each designed to hold a physical-register number, 

wherein, for a group of instructions that are to go through the process of 
register renaming simultaneously, after: 

(a) marking each logical-register number shown as a destination operand with a tag that 
corresponds to the order of the instruction; and 

(b) marking each logical-register number shown as a source operand that is [WAR (write- 
after-read)] RAW (read-after-write) dependent on an instruction that goes through the 
process of register renaming sknultaneously with the same tag that is bemg marked on the 
destination operand of said instruction, 

each logical-register number on which a tag is marked is renamed to the physical- 
register number that is to be taken out of said free list and allocated in correspondence with the 
marked tag; and 

each logical-register number on which no tag is marked is renamed to the physical- 
register number that is to be obtained by accessing said mapping table. 
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SPECIFICATION 

REGISTER RENAMING SYSTEM 

FIELD OF THE INVENTION 

Tlie present invention relates to a register renaming system 
that can process a large number of instructions per clock cycle in a 
processor based on superscalar architecture capable of out-of-order 
execution. 

DESCRIPTION OF THE PRIOR ART 

A processor based on superscalar architecture capable of out- 
of-order execution is equipped with physical registers, the number of which 
is greater than that of the logical registers prescribed by the architecture. 
And the technique of d^aiamic register renaming is applied. 

Namely, in each cycle, dependency checks are made by 
comparing the logical-register numbers shown as operands in the 
instructions, and the logical-register numbers are respectively renamed to 
appropriate physical-register numbers so that the dependencies would be 
dissolved. 

For incarnation of register renaming, a technique utilizing a 
reorder buffer and a technique utilizing a mapping table are known. The 
technique utilizing a reorder buffer is adopted, for example, for the 
Pentium [tmj processor, available from Intel Corporation of Santa Clara, 
Cahf. USA. The technique utilizing a mapping table is described in Keller, 
R. M. "Look- Ahead Processors." Computing Surveys, Vol. 7, no. 4 (December 
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1975), pp. 177-195, and is adopted, for example, for R10000[tm] processor, 
available from MIPS Technologies, Inc. of Mountain View, Calif. USA. 

When compared with the technique utilizing a reorder buffer, 
the technique utilizing a mapping table should introduce one more pipeline 
stage to access the mapping table. But, the logical circmt for checking 
dependencies among instructions can be relatively simplified. 

In regard to superscalar processors, it is desired to enhance 
pei'formance by streamlining register renaming and decoding / issuing a 
larger number of instructions per cycle. 

However, there has been a problem that it is difficult to 
increase the number of instructions that go through the process of register 
renaming per cycle beyond the current level, because it requires an 
extremely massive logical circuit. 

The present invention has been proposed with a view to 
solving the foregoing problem. Its object is to provide a register renaming 
system whereby the number of instructions that can be processed per cycle 
could be increased beyond the current level. 

SUMMAllY OF THE INVENTION 

The processor in which the register renaming system 
according to the present invention is incorporated comprises a free list that 
holds free, namely, unallocated physical-register numbers, and a mapping 
table whose entries are provided in respective correspondence with the 
logical registers and each designed to hold a physical-register number. 

By means of the register renaming system according to the 
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present invention, a larger number of instructions could be processed per 
cycle owing to pipelining where dependency checks among instructions are 
to be done as a pre-process. 

To begin with, in regard to a group of instructions that are to 
go through the process of register renaming simultaneously, the pre-process 
is done as follows. 

(a) Each logical-register number shown as a destination operand is marked 
wdth a tag that corresponds to the order of the instruction. These tags 
are labels that, in the later stage, are to be replaced by physical-register 
numbers that are taken out of the free list and allocated. 

(b) Each logical-register number shown as a source operand ^that is WAR 
(write after-read) dependent on an instruction that goes through the 
process of register renaming simultaneously is marked with the same 
tag that is being marked on the destination operand of the instruction on 
which it is dependent. 

After the above pre-process, the logical-register numbers 
shown as operands in the group of instructions are respectively renamed to 
appropriate physical-register numbers. Each logical-register number on 
which a tag is marked is renamed to the physical-register number that is to 
be taken out of the free list and allocated in correspondence with the 
marked tag. Each logical-register number on which no tag is marked is 
renamed to the phj^sicahregister number that is to be obtained by accessing 
the mapping table. 

In the same cycle, the contents of the mapping table are 
updated. Namely, contents of entries of the mapping table that correspond 
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to logical-register numbers shown as destination operands in the group of 
instructions are respectively altered to physical-register numbers that are 
to be allocated in correspondence with the marked tags. In the case that 
the same logical-register number is shown as destination operand in a 
plurality of instructions, the alteration concerning the last in the order of 
instructions is validated. 

As above, taking two stages, namely, by pipeUning, it may be 
possible to have a larger number of instructions go through the process of 
register renaming per cycle with a relatively simple circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Lig. 1 is a block diagram of a piece of hardware that is 
needed for incarnation of the register renaming system according to the 
present invention; and 

Fig. 2 shows contents of the mapping table and F registers, 
in the course of an example process of register renaming regarding a 
sequence of instructions in the embodiment of the present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

In the following, a preferred embodiment that materializes 
the register renaming system according to the present invention will be 
described referring to the figures. Now, the later-described processor in 
which the register renaming system according to the present invention is 
incorporated is a RISC machine that is assumed to have 8 logical registers 
RO, Rl, ... R7 on the architecture, furnished with 32 physical registers POO, 
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POl, ... P31 in hardware, and so structured as to be able to have up to four 
instructions go through the process of register renaming per cycle. 

Fig. 1 is a block diagram of a piece of hardware that is 
needed for incarnation of the register renaming system according to the 
present invention. Shown in Fig. 1 are a mapping table 1 and a free list 2. 

Described below is the detailed structure of each of the 
above-mentioned components. 

(A) Mapping Table (MT) 

As shown in Fig. 1, in this embodiment, the mapping table 
(hereafter, it will be referred to as the MT) 1 has eight entries 10-17 
provided in respective correspondence with logical registers RO, Rl, ... R7. 
Each MT entry is designed to hold a physical-register number. 

(B) Free List (FL) 

The free list (hereafter, it will be referred to as the FL) holds 
numbers of free, namely, unallocated physical registers. 

In the case that a free physical register is to be allocated, a 
free physical-register number is taken out of the FL. Conversely, when a 
physical register is to be released from allocation, the number of the 
physical register gets to be registered on the FL. 

As shown in Fig. 1, in this embodiment, FL 2 comprises F 
registers 21, 22, 23, 24 and a register file 28. 

Each of the F registers is designed to hold a physical-register 
number. It is from F registers that free physical-register niunbers are to 
be taken out of the FL. Namely, F registers are needed as many as 
instructions that go through the process of register renaming in a cycle. So, 
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the processor of this embodiment is furmshed with four F registers Fl, F2, 

F3, and F4. 

The register file 28 in the FL, each entry of which is 
designed to hold a physical-register number, is utilized to construct a 
circular FIFO queue. Namely, the numbers of physical registers that are 
being released from allocation are to be enqueued, and physical- register 
numbers are to be supplemented from the head of the queue to F registers 
out of which physical register numbers are being taken. 

Described below is the process of register renaming in this 

embodiment. 

In this embodiment, register renaming is carried out 
througii two stages: (1) pre-process, and (2) execution of register renaming 
and updating of the MT. The action in each stage is described below. 
(1) Pre-process 

In regard to a group of instructions that are to go through 
the process of register renaming simultaneously, the pre-process is done as 
follows, 

(la) Logical-register numbers shown as destination operands are 
respectively marked with tags @1, @2, each corresponding to the 
order of instruction. In this embodiment, tags @1, @2, @3, @4 
respectively correspond to F registers Fl, F2, F3, F4 in the FL. 

(lb) Each logical-register number shown as a source operand that is 
WAE (write -after read) dependent on an instruction that goes through 
the process of register renaming simultaneously is marked with the 
same tag that is being marked on the destination operand of the 
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instruction on wliich it is dependent. Namely, in regard to each of the 
instructions after the first one, each logical-register number shown as a 
source operand is compared with logical-register number(s) shown as 
destination operand(s) in the foregoing instruction(s). If matched, the 
same tag is marked on it. In the case that a plurahty of matches come 
out, the tag concerning the last in the order of instructions is selected. 
(2) Execution of Register Renaming and Updating of the MT 

After the above-mentioned pre-process, the logical-register 
numbers shown as operands in the group of instructions are respectively 
renamed to appropriate physical-register numbers, and contents of the MT 
are updated. To put it in the concrete, the following process is carried out. 
(2a) Each logical-register number on which a tag is marked is renamed 
to the physical-register number that is to be taken out of the FL and 
allocated in correspondence with the marked tag. Each logical-register 
number on which no tag is marked is renamed to the physical-register 
number that is to be obtained by accessing the MT. 
(2b) Contents of MT entries that correspond to logical-register numbers 
shown as destination operands in the group of instructions are 
respectively altered to physical-register numbers that are to be allocated 
in correspondence with the marked tags. In the case that the same 
logical-register number is shown as destination operand in a pku'ality of 
instructions, the alteration concernmg the last in the order of 
instructions is validated. 

And, this concludes a general description of the process of 
register renaming in this embodiment. Next, an example action is 



described below. Now, let's consider having the following four instructions 
go through the process of register renaming in the processor of this 
embodiment. 

Instruction! mul RO, Rl, R2 ; RO = Rl * R2 

Instruction2 mul Rl, R3, R4 ; Rl R3 * R4 

Instructions add RO, RO, Rl ; RO = RO + Rl 

lnstruction4 div RO, RO, R5 i RO = RO / R5 

Assuming that registers Rl, R2, R3, R4, R5 are to 
respectively hold data Dl, D2, D3, D4, D5 according to the foregoing 
instructions, the above sequence of instructions is to compute 
{(D1*D2)+(D3*D4)}/D5 and store it into register RO. 

In the following, the process of register renaming regarding 
the above sequence of instructions in the processor of this embodiment is 
described in detail. 

To begin with, the pre-process for register renaming is done 

as follows. 

Instructionl mul RO(@l), Rl(none), R2(none) 
Instruction2 mul Rl(@2), R3(none), R4(none) 
Instructions add R0(@3), RO(@l), Rl(@2) 
Instruction4 div R0(@4), R0(@3), R5(none) 

Namely, destination register operands, which are each 
shown right after the operation code in the instruction, are respectively 
marked with tags @1, @2, fe>3, @4 in order. 

In regard to each of the instructions after the first one, each 
source register operand is compared with destination register operand(s) of 
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the foregoing instruction(s). If matched, the same tag is marked on it. In 

the case that a plurality of matches come out, the tag concerning the last in 
the order of instructions is selected. 

In regard to Instruction!, no tag is marked on the source 
operands. But, in practice, a default tag (e.g, @0) may be marked on "no- 
tag-marked" source operands. 

In regard to Instruction2, each source operand is compared 
with destination operand RO of Instruction 1. In this case, because no 
match comes out, no tag is marked on them. 

In regard to Instructions, each source operand is compared 
with the destination operands of Instruction! and 2. In this case, because 
the 1st and 2nd source operand are matched with the destination operands 
of Instruction! and 2 respectively, tags @! and @2 are respectively marked 
on them. 

In regard to Instruction4, each source operand is compared 
with the destination operands of Instruction!, 2 and 3. In this case, 
because the 1st source operand is matched with the destination operands of 
Instruction! and 3, tag @3, which corresponds to the latter - Instructions 
is marked on it. 

By implementing an appropriate circuit, the pre-process for 
register renaming such as above is performed in a cycle. 

In the next cycle, execution of register renaming and 
updating of the MT are performed. Now, let's suppose that contents of the 
MT and F registers in the FL at this moment are as shown in l^^ig. 2(A). 

Each register operand on which a tag is marked is renamed 
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to the physical-register number that is taken out of the FL and allocated in 
correspondence with the marked tag. And, each register operand on which 
no tag is marked is renamed to the physical-register number that is 
obtained by accessing the MT by the logical-register number. Then, the 
given sequence of instructions is converted into the following. 

Instruction! mul P19, P03, P22 

instruction2 mul P08, P29, P05 

Instructions add P27, P19, P08 

lnstruction4 div P21, P27, POT 

Besides, contents of the MT entries that correspond to 
destination operands of lnstructionl-4 are respectively altered to physical- 
register numbers that are allocated in correspondence with the marked tags. 
Hereupon, as shown in Fig. 2(B), contents of the MT entries that correspond 
to RO and Rl are altered to P21 and P08 respectively. As to RO, P19, P27 
and P21 are allocated triply, and the last one - P21 - is written into the MT. 
Moreover, as shown in Fig. 2(B), free physical-register numbers P31, POl, 
PIT, P14 are respectively supplemented to the F registers, out of w^hich 
physical-register numbers have been taken out. 

And, this concludes the process of register renaming 
regarding the given sequence of instructions in the processor of this 
embodiment. 

Besides, the system might be so structured that the 
correspondence between logical-register numbers and tags regarding 
updating of the mapping table is determmed in the pre-process stage. 
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Namely, in the case that the same logical-register number is shown as 
destination operand in a plurality of instructions that go through the 
process of register renaming simultaneously, each of said pluraUty of 
instructions except the last one is invalidated in regard to updating of the 
mapping table in the pre-process stage. 

For example, the following determination is made in the pre- 
process stage in regard to the above-mentioned example action. 

Instruction! RO — ^ @1 : invalid 

Instruction2 Kl @2 : valid 

Instructions RO @3 • invalid 

Instruction4 RO ~> @4 valid 
iUad, in the next cycle, for each validated alteration, writing of the physical- 
register number allocated in correspondence with the marked tag is enabled. 

As above, by also introducing a pre-process regarding 
updating of the mapping table, further simpUfication of the circuit may be 
attained. 

INDUSTRIAL UTILITY 

x4s above, by means of the register renaming system of the 
present invention, owing to pipelining where dependency checks among 
instructions are to be done as a pre-process, it may be possible to process a 
larger number of instructions per cycle with a relatively simple circuit. 
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WHAT IS CLAIMED IS: 

I. A register renaming system for a processor based on 
superscalar arciiitecture capable of out-of-order execution, comprising' 

physical registers, the number of which is greater than that 
of the logical registers prescribed by the architecture; 

a free list that is designed to hold unallocated physical- 
register nxunbers; and 

a mapping table having entries that are provided in 
respective correspondence with the logical registers and each designed to 
hold a physical-register number, 

wherein, for a group of instructions that are to go through 
the process of register renaming simultaneously, after: 

(a) marking each logical-register number shown as a destination operand 
with a tag that corresponds to the order of the instruction; and 

(b) marking each logical-register number shown as a source operand that is 
WAR (write-after-read) dependent oil an instruction that goes tlirough 
the process of register renaming simultaneously with the same tag that 
is being marked on the destination operand of said instruction, 

each logical-register number on which a tag is marked is 
renamed to the physical-register number that is to be taken out of said free 
list and allocated in correspondence with the marked tag; and 

each logical-register number on which no tag is marked is 
renamed to the physical-register number that is to be obtained by accessing 
said mapping table. 

2. A free list comprising: 



F registers, to the number of instructions that can go 
through the process of register renaming in a clock cycle, each of which is 
designed to hold a physical"register number; and 

a circular FIFO queue that is made of a register file each 
entry of which is designed to hold a physical-register number, 

wherein physical-register numbers that are being released 
from allocation are to be entered into said queueJ and 

physical-register numbers are to be supplemented from the 
head of said queue to F registers out of which physical-register numbers are 
being taken. 



ABSTRACT 



A register renaming system for a processor based on 
superscalar architecture that can process a larger number of instructions per 
cycle by providing a free list to hold unallocated physical-register numbers 
and a mapping table whose entries are provided in respective 
correspondence with the logical registers and each designed to hold a 
physical-register number, and by pipelining where dependency checks 
among instructions are to be done as a pre-process. 
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[ ] original 
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[ X ] national stage of PCT 

[ ] divisional 

[ ] continuation 

[ ] continuation-in-part (CIP) 

My residence, post ofBce address and citizenship are as stated next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the subject 
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the specification of which 

[ X ] is attached hereto 

[ ] was filed on ,as 
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I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any Amendment referred to above. 

I acknowledge duty to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Sec. 1.56. 

[ ] In compliance with this duty there is attached an information disclosure statement. 
37 CFR 1,97, 

I hereby claim foreign priority benefits under Title 35, United States Code, Sec. 119, of 
any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application for patent of inventor's certificate having a filing 
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the duty to disclose all information known to be material to patentability as defined in 
Title 37, Code of Federal Regulations, Sec. 1.56 which became available between the 
filing date of the prior application and the national or PCT international filing date of this 
application: 
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attorney(s) and/or agents to prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith. 

George M. Cooper, Reg. No.20,201 Douglas R. Hanscom, Reg. No. 26,600 
Felix J. D'Ambrosio, Reg. No. 25,721 William A. Blake, Reg. No. 30,548 
Eric S. Spector, Reg. No. 22,495 
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P.O. Box 2266 Eads Station 
Arlington, VA 22202 

I hereby declare all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were 
made with knowledge that willful false statements and the like so made are punishable by fine or 



imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR 1.9 (0 and 1.27 (b)) — INDEPENDENT INVENTOR 

As a below named inventor, I hereby declare that I qualify as an independent inventor as defined in 37 CFR 1.9 (c) for pur- 
poses of paying reduced fees under section 41 (a) and (b) of Title 35, tJnited States Code, to the Patent and Trademark 

Office with regard to the invention entitled Re gister Renaming System 

described in 



[X] the specification filed herewith 

j ] application serial no. 

[ i patent no. 



filed 



issued 



I have not assigned, granted, conveyed or licensed and am under no obligation under contract or law to assign, grant, convey 
or license, any rights in the invention to any person who could not be classified as an independent inventor under 37 CFR 
1.9 (c) if that person had made the invention, or to any concern which would not qualify as a small business concern under 
37 CFR 1.9 (d) or a nonprofit organization under 37 CFR 1.9 (e). 

Each person, concern or organization to which 1 have assigned, granted, conveyed, or licensed or am under an obligation 
under contract or law to assign, grant, convey, or license any rights in the invention is listed below: 

(X ] no such person, concern, or organization 
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